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PURPOSE: To flatten the surface of an insulating film, e.g. a layer 
insulating film or a surface protective film, more smoothly. 
CONSTITUTION: An apparatus 1 for depositing an SOG film while 
rotating a wafer 2 is provided with a nozzle 8 for dripping liquid nitrogen 
N2 as '.well as a, nozzle for dripping a solution forming an insulating film. 
Immediately before depositing the SOG film, liquid nitrogen N2 is dripped 
and a power source 5 is driven to rotate the wafer 2. Consequently, the 
surface of . the wafer 2 is spin coated with liquid nitrogen N2. 
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} * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Ctaim 1] The insulator layer formation approach of the semiconductor device characterized by carrying 
out rotation spreading of the liquefied cooling agent on a wafer front face just before carrying out 
rotation spreading of the solution for insulator layer formation. 

[Claim 2] The insulator layer formation approach of a semiconductor device according to claim 1 that 
said liquefied cooling agent is liquid nitrogen. 

[Claim 3] Insulator layer formation equipment of the semiconductor device characterized by having the 
rotation driving means which rotates a wafer in that horizontal plane, a liquefied cooling agent dropping 
means by which a liquefied cooling agent is dropped at said wafer front face in the condition of having 
been held at this rotation driving means, and a solution dropping means for insulator layer formation by 
which the solution for insulator layer formation is dropped at said wafer front face in the condition of 
having been held at said rotation driving means. 

[Claim 4] Insulator layer formation equipment of the semiconductor'device according to claim 3 said, 
whose liquefied cooling agent is liquid nitrogen. 
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DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Regardless of the irregularity of a substrate, an insulator layer front face is made 
to be made as for this invention to flatness more especially about the formation approach of an insulator 
layer and formation equipment used as the interlayer insulation film of a semiconductor device, or a 
surface protective coat. 
[0002] 

[Description of the Prior Art] As a conventional method of attaining flattening, as the front face of an 
insulator layer (for example, Si02 film) used as the interlayer insulation film of a semiconductor device 
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or a surface protective coat is not influenced if possible of the irregularity of the substrate, there is the 
so-called SOG (Spin-on-Glass). Namely, with SOG, the solution (Si4 (OH)) which forms an insulator 
layer behind is dropped at the abbreviation core of a wafer. Generate a centrifugal force and a wafer 
front face is made to diffuse a solution by rotating a wafer in the condition. Heat at about 400 degrees C 
after that, and it is made to react to the condition Si(OH) 4 ->Si02+H2 O, and is a wafer front face 
Si02 If rotation spreading of the solution which covers with the film and has a fluidity is carried out 
Since a solution seldom adheres to the heights on the front face of a wafer while a solution enters the 
crevice on the front face of a wafer, regardless of the irregularity of a substrate, flattening on the front 
face of an insulator layer is attained. Thereby, when for example, the upper wiring was formed on the 
insulator layer, probabilities, such as an open circuit, were able to be reduced and the product yield etc. 
was able to be improved. 

[0003] Here, it is Si (OH)4 as a solution for insulator layer formation. When using, this solution reacts 
easily also in ordinary temperature (about 23 degrees C), and it is Si02. Since it will be generated and 
the fluidity will be lost, refrigeration preservation of the solution was carried out at about 5 degrees C 
just before use. And since this solution is difficult to form a thin film at the temperature at the time of 
the refrigeration preservation for suppressing a reaction although there is a, property in which viscosity 
becomes high with the rise of temperature when viscosity is very low and rotation spreading is 
performed with the condition that that viscosity is very low, it is returned to a room temperature at the 
time of use, and since it comes to have a certain amount of viscosity, it is made to carry out rotation 

spreading. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it is difficult to fill both the embedding of the 
crevice 0 f a substrate and flattening on the front face of an insulator layer to coincidence as it is 
impossible to make an insulator layer front face flat completely, especially detaHed-ization progresses 
and an aspect ratio becomes high, even if it is the conventional approach which was mentioned above. 
[0005] Moreover, the adhesion of the insulator layer and substrate film which were applied on it fell 
according to the surface state of a substrate, the interlayer insulation film exfoliated at the time of heat 
treatment in a back process etc., and it had also become one factor which causes aggravation of the 
product yield. This invention is made paying attention to the trouble of these versatility, can make an 
insulator layer front face flatness more, and aims at offering the insulator layer formation approach, and 
insulator layer formation equipment of a semiconductor device which can moreover also expect the 
reforming effectiveness on the front face, of a substrate,, 
[0006] 

[Means for- Solving the Problem] In order to attain the above-mentioned purpose, it was presupposed on 
the wafer front face just before carrying out rotation spreading of the solution for insulator layer 
formation that rotation spreading of the liquefied cooling agent is carried out to the insulator layer 
formation approach of the semiconductor device concerning claim 1. Moreover, invention concerning 
claim 2 applied liquid nitrogen as said liquefied cooling agent: in invention concerning above-mentioned 
claim 1. 

[0007] On the other hand, the insulator layer formation equipment of the semiconductor device applied 
to claim 3 in order to attain the above-mentioned purpose was equipped with the rotation driving means 
which rotates a wafer in that horizontal plane, a liquefied cooling agent dropping means to by_which a 
liquefied cooling agent is dropped at said wafer front face in the condition were held at this rotation 
driving means, and a . solution dropping means for insulator layer formation to by.which the solution for 
insulator layer formation is dropped at said wafer front face in the condition were held at said rotation 
driving means. 

[0008] And invention concerning claim 4 applied liquid nitrogen in invention concerning above-mentioned 
claim 3 as a liquefied cooling agent which a liquefied cooling agent dropping means trickles into a wafer 
front face. 
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[0009] 

[Function] While comparatively a lot of liquefied cooling agents will enter the crevice on the front face of 
a wafer if it is in invention concerning claim 1, and rotation spreading of the liquefied cooling agent is 
carried out, a liquefied cooling agent does not remain in the heights on the front face of a wafer so much, 
and since heights will be heated compared with a crevice by friction with the air accompanying rotation 
of a wafer, the temperature on the front face of a wafer becomes [ in a crevice ] it is low and high at 
heights. 

[0010] then, Si (OH) mentioned above, for example when rotation spreading of the solution for insulator 
layer formation was carried out in such the condition — four If it is a solution [ like ], since viscosity will 
become high with the rise of temperature, the direction of the crevice where temperature is low has a 
high fluidity, and since the direction of heights with high temperature becomes [ viscosity ] high, a 
solution flows so that it may enter in a crevice from a heights front face. Consequently, the front face of 
the insulator layer generated behind becomes flatness more. 

[001 1] And if a wafer front face is cooled, even if a wafer front face is polluted with carbon etc., for 
example and the surface state is changing from the hydrophilic property to hydrophobicity, freezing 
removal of the hydrophobic surface part will be carried out, and the surface state of a wafer will return 
to a hydrophilic property. Like invention which relates to claim 2 especially, since it is an extremely 
stable cooling agent, it does not have a bad influence to the solution for insulator layer formation, and if 
liquid nitrogen is applied as a liquefied cooling agent, if a wafer front face is fully cooled by liquid 
nitrogen, freezing removal of the surface part of a wafer which was mentioned above will be carried out, 
and the surface state of a wafer will revert. 

[0012] Here, invention concerning claim 3 and claim 4 is invention about a suitable manufacturing 
installation to reialize invention concerning the manufacture approach concerning above-mentioned claim 

1 and claim 2. Therefore, each operation of invention concerning claim 3 and claim 4 is substantially [ as 
an operation of invention concerning above-mentioned claim 1 and claim 2 ] the same. That is, if it is in 
invention concerning claim 3, it has a liquefied cooling agent dropping means and two kinds of dropping 
means of the solution dropping means for insulator layer formation. And the actuation procedure of the 
manufacturing installation concerning this claim 3 trickles a liquefied cooling agent into a wafer front 
face with a liquefied cooling agent dropping means first, by the rotation driving means, rotates a wafer 
and diffuses a liquefied cooling agent all over a wafer. Subsequently, the solution for insulator layer 
formation is dropped at an upper front face with the solution dropping means for insulator layer 
formation, by the rotation driving means, a wafer is rotated and the solution for insulator layer formation 
is diffused all over a wafer. Consequently, the same operation as invention concerning above-mentioned 
claim 1 is acquired. Moreover, if it is invention concerning claim 4, the same operation as invention 
concerning above-mentioned claim 2 will be acquired. 

[0013] ' J 

[Example] Hereafter, the example of this invention is explained based on a drawing.- Drawing 1 is the 
sectional view showing: the; outline configuration* of -the. SOG film formation equipment 1 as -insulator 
layer formation equipment of the semiconductor device in one example of this invention. Namely, the 
wafer maintenance base 3 which this SOG film formation equipment 1 carries out vacuum adsorption of 
the rear face of the wafer 2 which is a silicon substrate, and holds this horizontally, The revolving shaft 
4 which is connected centering on the rear face of this wafer maintenance base 3, and is extended 
caudad and which can be rotated, the source 5 of power which gives rotation driving force to this 
revolving shaft 4, the cup 6 which drainage-tube 6a is connected to a base, and surrounds the perimeter 
of the wafer maintenance base 3, and two nozzles 7 and 8 which counter the surface core of the wafer 

2 in the condition of having been held on the wafer maintenance base 3, from the upper part — since — 
it is constituted. - 

[0014] It is a nozzle to drop the solution (for example, Si4 (OH)) which used the silicon compound as the 
principal component as a solution for insulator layer formation for one [ among two nozzles 7 and 8 ] 
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nozzle 7 to form the SOG film here on a wafer 2, and the other end side which is not illustrated is the 
solution (OH) Si 4 of a room temperature condition. It connects with the source of supply which carries 
out specified quantity supply. Moreover, the nozzle 8 of another side is the liquid nitrogen N2 as a 
liquefied cooling agent. It is a nozzle for being dropped on a wafer 2, and the other end side which is not 
illustrated is connected to other sources of supply which carry out specified quantity supply of the liquid 
nitrogen. 

[0015] And this SOG film formation equipment 1 is used as follows. That is, as shown in drawing 2 (a), 
the wafer 2 with which thin silicon oxide 10 was formed in the front face, the circuit pattern 11 used as 
lower layer wiring of multilayer-interconnection structure which consists of an aluminum system alloy, 
for example was formed on the silicon oxide 10, and the thin plasma oxidation film 12 was further formed 
on it is held on the wafer maintenance base 3 of SOG film formation equipment 1. 

[0016] Subsequently, a nozzle 8 to liquid nitrogen N2 It is dropped at wafer 2 front face, and the source 
5 of power is made to drive after the dropping, the wafer maintenance base 3 is made into a rotation 
condition, the wafer 2 held at it is rotated in a horizontal plane, and the liquid nitrogen dropped at a part 
for the core of a wafer 2 is diffused outside from a part for a core according to the centrifugal force by 
rotation of a wafer 2. That is, wafer 2 front face is made to carry out rotation spreading of the liquid 
nitrogen first within SOG film formation equipment 1. 

[0017] Since the viscosity of liquid nitrogen is very small at this time, liquid nitrogen enters in the 
crevice of the irregularity formed with the circuit pattern 11 (refer to drawing 2 (b)). Since the liquid 
nitrogen adhering to the heights front face formed with the circuit pattern 11 is blown away to the inside 
of a crevice being cooled quickly by friction with an ambient atmosphere It is not quickly cooled like [ in 
a crevice ] and a. heights front face is rather heated by the frictional heat by friction between ambient 
atmospheres. 

[001 8] Consequently, between the crevice formed with the circuit pattern 1 1 , and heights, the 
temperature gradient from which the direction of a crevice serves as low temperature will arise. Then, 
suspend rotation of the wafer maintenance base 3 and a solution (OH) Si 4 is dropped at wafer 2 front 
face from a nozzle 7. the solution Si (OH) which is made to drive the source 5 of power again after the 
dropping, makes the wafer maintenance base 3 a rotation condition, is made to rotate the wafer 2 held 
at it in a horizontal plane, and is dropped at a part for the core of a wafer 2 — four You make it spread 
outside from a part for a core according to the centrifugal force by rotation of a wafer 2. That is, 
rotation spreading of liquid nitrogen is followed within the SOG film formation equipment 1 of this 
example, and it is a solution (OH) Si 4. Rotation spreading is performed. 

[0019] Here, they are the skin temperature of a wafer 2. and a solution (OH) Si 4. The relation with 
viscosity has the relation to which viscosity becomes high with the rise of skin temperature (that is, a 
fluidity becomes small), as shown in drawing 3 . Moreover, solution Si 4 (OH) As for a void incidence rate, 
viscosity and the relation with a void (air bubbles) incidence rate have the relation it is high unrelated, 
so that viscosity is high, as shown in drawing 4 (a). In addition, with void incidence-rate V (%), as shown 
in drawing 4 (b). when thickness for, a arid: a crevice, is set to b for the thickness for heights of a circuit 
pattern 11, it asks as V=(1-b/a) x100. However, height h of the heights of a circuit pattern 1 1 is 0.5 
micrometers, and the width of face of 1.0 micrometers and a crevice is [the result shown in drawing 4 
(a) ] the TOKYO OHKA KOGYO CO., LTD. make and OCD-Type7 as a solution for insulator layer 
formation. It is a thing at the time of using 1 2000-T (trade name). 

[0020] That is, solution Si 4 (OH) The fluidity becomes high, so that it is low temperature, and the 
incidence rate of a void becomes low, so that the fluidity, of a solution is high. When why the incidence 
rate of this void becomes low is explained further in full detail, in the case of rotation spreading of a 
solution (OH) Si 4 Si4 which flowed in in the crevice since a temperature gradient which was mentioned 
above had arisen between the irregularity of a circuit pattern 11 (OH) Since it does not change to a . 
solid-state ahead of heights Solution Si 4 (OH) As shown in drawing 5 , it will flow so that the interior of 
the crevice where temperature is low may be entered from the heights front face where temperature is 
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j high. And it is suitably heated at an annealing furnace after that, the reaction Si(OH) 4 ->Si02+H2 O 
arises, and it is Si02. Since the film is formed, as shown in drawing 2 (c), regardless of the irregularity of 
the circuit pattern 11 of a substrate, the SOG film 13 with a very flat front face is formed. On the other 
hand, since it enters in a crevice from the solution dropped [ that the inside of a crevice continues being 
ordinary temperature, and ] first, before the inside of a crevice is buried completely, the above- 
mentioned reaction arises, and it is Si02. Since the film will be formed, an SOG film front face cannot be 
made flat enough. 

[0021] Thus, if it is in this example, the irregularity of the circuit pattern 1 1 of a substrate and the 
configuration of the front face of the SOG film 13 can be made unrelated to abbreviation completeness, 
and even if it is the case that especially the aspect ratio of a circuit pattern 1 1 is large, SOG film 13 
front face can be made flat. Incidentally, according to this invention person's view, the embedding of a 
tooth space 0.20 micrometers or less also becomes possible. 

[0022] Then, as shown in drawing 2 (a), step coverage nature will thicken thickness of the plasma 
oxidation film 12 which is not enough, and the aspect ratio of a circuit pattern 11 may be made small. 
And the advantage that that thickness of the plasma oxidation film 12 can be thickened can make large 
more the process margin of the etchback performed behind will be yielded. 

[0023] Furthermore, liquid nitrogen N2 which was excellent in stability if it was in this example Since it 
uses, especially a bad influence is not produced. It is 02 even when the surface state changes from a 
hydrophilic property to hydrophobicity, since the contamination layer 14 (for example, contamination 
layer of the carbon system which may be produced at the time of conveyance of a wafer 2 etc.) as 
shown in the front face of the plasma oxidation film 12 at drawing 6 arose rather. There is an advantage 
that a surface state can be restored to a hydrophilic property without performing special surface 
treatment, such as a plasma exposure and UV irradiation. 

[0024] That is, the contamination layer 14 is the low-temperature (-196 degrees C) liquid nitrogen N2 
very much. If immersed, since the hydrophilic component of the contamination layer 14 bottom will 
freeze over, it is liquid nitrogen N2. Since the contamination layer 14 exfoliates from the part which 
froze over at the time of rotation spreading, the surface of the plasma oxidation film 12 excellent in the 
hydrophilic property expresses just before SOG film 13 membrane formation. Thereby, the adhesive 
strength in the interface of the SOG film 13 and the plasma oxidation film 12 increases, and exfoliation 
between these film can be prevented. 

[0025] Here, a rotation driving means is constituted by the wafer maintenance base 3, a revolving shaft 
4, and the source 5 of power, a liquefied cooling agent dropping means is constituted by a nozzle 8 and 
other sources of supply which are not illustrated, and the solution dropping means for insulator layer 
formation is constituted from this example by a nozzle 7 and the source of supply which is not 
illustrated. In addition, although the above-mentioned example explained the case where this invention 
was applied to the process, which forms the . SOG . film 13 as an interlayer insulation film, you may be the 
prodess which- is not limited to this and forms the insulator layer as a surface protective coat 
[0026] Moreover, at the. above-mentioned-example, it is liquid: nitrogen N2 as a liquefied cooling; agent 
Although the case where it used was explained, it is not limited to this and liquid helium helium may be 
applied, for example, it is liquid nitrogen N2. And it does not matter even if it uses liquid helium helium 
together. Furthermore, although [ the above-mentioned example ] an annealing furnace is used for 
heating just before forming the SOG film 13, not only this but lamp heating, heater heating; microwave 
heating, etc. may be applied and used together. 
[0027] 

[Effect of the Invention] As explained above, while being able to write carrying out rotation spreading of 
the liquefied cooling agent and being able to make the front face of an insulator layer very flat, according 
to invention concerning claim 1, the effectiveness that a contamination layer is removable is shown in a 
wafer front face just before carrying out rotation spreading of the solution for insulator layer formation, 
without performing special surface treatment. 
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[0028] Since the liquid nitrogen excellent in stability was used when it was invention concerning 
especially claim 2, since it is low temperature very much, it is also effective in a contamination layer 
being certainly removable to produce especially a bad influence. And if it is invention concerning claim 3 
and claim 4, it is effective in the ability to carry out suitably invention concerning above-mentioned 
claim 1 and claim 2 by carrying out rotation spreading of the liquefied cooling agent first. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the configuration of one example of this invention. 
[Drawing 2] It is a sectional view for explaining an operation of an example. 

[Drawing 3] It is a graph showing the relation between the skin temperature of a wafer, and the viscosity 
of a solution. 

[Drawing 4] It is drawing explaining the relation between the viscosity of a solution, and the incidence 
rate of a void. 

[Drawing 5] It is an expanded sectional view for explaining an operation of an example in full detail. 
[Drawing 6] It is an expanded sectional view for explaining other operations of an example. 
[Description of Notations] 

1 SOG Film Formation Equipment (Insulator Layer Formation Equipment of Semi-conductor) 

2 Wafer 

3 Wafer Maintenance Base 

4 Revolving Shaft 

5 Source of Power 
7 Eight Nozzle 

10 Thin Oxide Film 

1 1 Circuit Pattern 

1 2 Plasma. Oxidation Film: : 

1 3 1 SOG Film (Insulator Layer) 

14 Contamination Layer 

N2 Liquid nitrogen (liquefied cooling agent) 

Si4 (OH) Solution for insulator layer formation 
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(OH) 4 <ottfftoBi«f4, El 3 fc^-f-.j: ^ffi 

■S<*2>) Mffit-fe^o SJKS i (OH) 4 cofti 

st, %±mk<Dmmz, m4 (a) 

BB«t*>S. *J3, K***V (%) ttt, BI4 
(b) fc^-riSK, BBilft^-vi 1 ©ifiSB^JRff 

$r a , m&ft^mm* b t bfc*&fc,- 

V = (1-b/a) X100 

^IttfeWo fcfcL, El. 4 (a)-»C^jg*tt, 
Ei»^^ — V 1 1 <V\!h&<om£ hiM. 0 M m, DH^CO^ 
^0. 5 M mtfct), &&mMf&PHfe%lb IT, *3SJS<t 
IllilS; OCD-Type 7- 1 2 0 0;0~T (ffip p p 
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[00 2 0] oSO, ^ffiSi (OH) 4 fiiSifi'Cfc <5 
*M£<fc5S&£$M-l¥j$-r-3£. *tfi£S i (OH) 

i^A/^s i (oh) 4 frdhuzv hMcmmcmt-tz 

r t*5^v%(ot? x JgjfcS i (OH) 4 fi> H15fC^i-J; 

A9&tf<fc?f-»KtW-3::£fcft-5 0 tU, *<omt 
/^T?Mlj!)Pf^$ttTS i (OH) 4 -»S i O2 
+ H 2 0£l^5KJ£* s £l>TS i 0 2 ^* s ^^^5fc 
it>v Ttffi©^^* — VI 1 (OW&KM&tl: < . El 2 
(c) »£*i-J:5fc» *BS**«>-C¥«ftSOGBH 3 

TS i 0 2 Jg2S^j£$*vCL£?©-C\ SOGJB£*ffi£ 

¥*& ic-r 5 i f *s t? # # V ^© -e *> 5 „ 
[0 0 2 1] r.O<t5i-, o "C fi, T*fc© 

El**** — VI lWGDAKSOGJSIl 3©SI©M 
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^#©BfM.{-J:tu»i, 0. 2 0 itmJWT©*^— 7<oi* 
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— vi l©7^^ KJfc£/h£< LtLSot 
t>*t>4^^ fcfcfca. ^LT, ^X^BMbJBti 2© 
BSJ5S:J¥< £l"> 5 r£li, SH^fraxS^S/^ 

^ 5 f"J £ £ £tf r £ \z ta Z . 
[0 0 2 3] $f>fC, ^JfeWcfcoThiU ^5tt£Kig 

C5ri:fcftVv o ^X-^-ffcJgl 2 0Sf : 

'te. B 6 5 1 4 ^^2© 

t, o 2 /7 x?s«^Miiit«f 

Srfr 5 r £ ft < , *B5««Sr3R7kttK«5Er5 - £ ^"C 
#5£^5$iJ^:* s fc5. 
[0 0 2 4] SP*>, f^Sfe® 1 4 ;&s@«>-C{B;*fi. (-196 
<C) (Dffi^*N 2 fc»»*ix5£. ?S5feS 1 4©T«W : 

7Kttt-^nfc^7X-v^t:^l 2©SI^SOGll 3 

^EBu(-*ttJ-r?>(0-x?foSo Cl*UCJ:!>> SOGll 
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4 S:tjeSb^jija 5 U: «£ o r laMEB3b#JgdMJt/&$ 

±lEH160y-eW\ J1IS]&&&£ UrosoGli 3 
[0026] JilE*lii«-ett, ^^*P^"]£ UT 

Pl?6£ft5 t©-C*fifc< . «*.tfttflc^!> fAH e £rjg 

ffILTfcifc)t^„ $<bf;i, _hfBHJS0iJ-?(i. SOG 
mi 3 *^-t-5KHfi©APf^l-T=->'W'*F5rffl^5£ L 

[0 0 2 7] 

i-'^ffilc, ^?^*P?PJSr[H]te^-r-5 r £ £ Lfcfc 
*feii:)KOT«ffi : ilr@*T s l z ffi^i-Sr.£>6S-T?t5££ 

r £ i65 r* # 5 £ ^ 5 * * 5 5 o 
[0 0 2 8] #tc|f*9 2 K&Z>&WX'h*l\i. ^^tt 

-r-5w£^s■T?#5£v^5^*^$ > 5 o ^UT, Sf*« 

3, ai#qi4fciss«wcfcixtf, 3fer«**aew*E 

gitf 5 I £^J:9, ±IEIf*9l, W*3S2l-#-5 
[ElffiWffi^IftPJ] 

[ill W.©— HifetfiJ 5H-Kff ffi m T*fo Z> o 
[02.]. $mmv>ttPH 5rtft ■ Wi" 5 * © IfSif fe 5. 
[HI3] ^^©Sfffi»«i:*iRott«i:OB8fliS:*-f 
^77t?Jb5 t 

40 [B4] ^rSo*igE£/-H-< K©*^i©B8«*lttW-f 

[H15] 3Blt«©^ffl*:»a-f 5fc«>Ott*WfffiBa-C*j 
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